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Since 1982, t h e  Western Aeronaut ica l  Test 
Range (WATR) o f  t h e  Ames-Dryden F l i g h t  Research 
F a c i l i t y  has been separa t i ng  t h e  data a c q u i s i -  
t i o n  and process ing f u n c t i o n  requ i red  on a l l  
t e l e m e t r y  pu lse code modulat ion (PCM) data and 
t h e  d i s p l a y  process ing f u n c t i o n  requ i red  i n  t h e  
f l i g h t  research miss ion c o n t r o l  centers  (MCCs). 
These two f u n c t i o n s  h i s t o r i c a l l y  have been done 
on t h e  same s e t  o f  super-mi n i  computers remote 
f rom t h e  MCCs. Removing t h e  d i s p l a y  process ing 
f u n c t i o n  f rom t h e  rea lm o f  t h e  super-minis o r  
t e lemet ry - rada r  a c q u i s i t i o n  and process ing sys- 
tem (TRAPS) and ou t  i n t o  t h e  MCCs w i l l  a l l o w  the  
research engineers t h e  f l e x i b i  1 i t y  t o  con f igu re  
t h e i r  own d i s p l a y  process ing system t o  op t im ize  
performance d u r i n g  a f l i g h t  research mission. 
Meanwhile, t h e  TRAPS w i l l  have more t i m e  t o  
a c q u i r e  data. 
handle t h e  d i s p l a y  process ing f u n c t i o n  i s  an 
I B M  PC/AT compat ib le  rack-mounted personal com- 
pu te r .  Th i s  c l a s s  and t ype  machine w i l l  not  
o n l y  a l l o w  t h e  t r a n s f e r  o f  t h e  d i s p l a y  proces- 
s i n g  f u n c t i o n  i n t o  t h e  MCCs, b u t  a l s o  a l l o w  t h e  
research engineers a personal ized s e t  o f  ana- 
l y t i c  and d i s p l a y  t o o l s  f o r  use on t h e i r  own 
unique se ts  of data. These t o o l s  can be pur- 
chased e a s i l y  o r  developed i n  a s h o r t  t ime,  
drawing f rom a wea l th  o f  o f f - t h e - s h e l f  PC/AT 
compat ib le  eng ineer ing  hardware and sof tware 
items. The i n t e g r a t i o n  o f  PC/AT machines i n t o  
t h e  MCC environment w i l l  he lp  shor t - term goals  
as w e l l  as long-range p lans develop i n  harmony 
i n  t h e  WATR MCCs. 
One o f  t h e  processors chosen t o  
Nomenc 1 a t  u r e  
ADC 
ANCRT 
CAP 
C (iA 
CRT 
DAC 
DSP 
E GA 
FTP 
GWBASIC 
I R I S  
MAGIC 
analog t o  d i g i t a l  conve r te r  
alphanumeric CRT (cathode ray  tube)  
c o l o r  a1 phanumeric panel 
c o l o r  graphics adapter 
cathode ray  tube 
d i g i t a l  t o  analog conver te r  
d i g i t a l  s igna l  process ing 
enhanced graphics adapter 
F i l e  Transfer Protocol  
M i c r o s o f t ' s  BASIC language i n t e r p r e t e r  
i n t e r a c t i v e  r a s t e r  imaging system 
master graphics i n t e r a c t i v e  console 
*Engineer, F l i g h t  Test In format ion Systems Branch. 
MCC 
MDA 
MDB 
PC 
PCM 
RAM 
RBG 
R I G  
R I M  
S P I N  
TCP/IP 
TRAPS 
TTL RtiB 
WATR 
miss ion  c o n t r o l  cen te r  
monochrome d i s p l a y  adapter 
memory mapped ou tpu t  board 
personal computer 
pu lse code modulat ion 
random access memory 
red, blue, green 
r e a l  - t ime i n t e r a c t i v e  
r e a l  - t ime i n t e r a c t i v e  
s p i n  d i s p l a y  
graphics 
map 
Transmission Contro l  Protocol  / 
I n t e r n e t  Protocol  
te lemetry- radar  a c q u i s i t i o n  and 
process ing system 
t r a n s i  s t o r / t r a n s i  s t o r  l o g i c  - 
red, green, b l u e  (a t ype  of 
v ideo standard) 
Western Aeronaut ica l  Test Range 
I n t r o d u c t i o n  
W i t h i n  t h e  Western Aeronaut ica l  Test Range 
(WATR), we use IBM PC ( I B M ,  IBM PC, PC/XT/AT, and 
PS/2 Model 80 a r e  trademarks o f  t h e  I n t e r n a t i o n a l  
Business Machines Corpo ra t i on ) t  compat ib le  com- 
p u t e r s  f o r  our  s e c r e t a r i a l  work (such as mana- 
g e r i a l  and t e c h n i c a l  r e p o r t  generat ion)  as w e l l  
as f o r  remote t e r m i n a l s  t o  ou r  super-minicomputer- 
based development te lemet ry  system. 
5 years, t h e  IBM PC and var ious compat ib le  compu- 
t e r s  have evolved t e c h n i c a l l y  t o  meet t h e  i nc reas -  
i n g  computational demands. A t  present, t h e  l a t e s t  
ve rs ion  o f  an I B M  PC/AT computer, both hardware 
and sof tware compatible, runs a p p l i c a t i o n  proyrams 
12 t o  16 t imes as f a s t  as t h e  f i r s t  IBM PC. With 
spec ia l  hardware a v a i l a b l e  o f f  t h e  she l f ,  t h i s  
f i g u r e  can be m u l t i p l i e d  by 10 t o  20 f o r  some math 
rou t i nes .  This  i s  t h e  c lass  o f  machine t h a t  t h e  
WATR w i l l  be i n t e g r a t i n g  i n t o  i t s  miss ion c o n t r o l  
cen te rs  (MCC). This  machine, and i t s  p lace w i t h i n  
t h e  MCCs and t h e  te lemetry- radar  a c q u i s i t i o n  and 
process ing system (TRAPS), i s  presented i n  d e t a i  1. 
Before t h i s ,  however, a system overview o f  t h e  
TRAPS and MCCs i s  i n  order. 
?Use o f  t r a d e  names o r  names o f  manufacturers 
i n  t h i s  paper does n o t  c o n s t i t u t e  an o f f i c i a l  
endorsement o f  such products  o r  manufacturers, 
e i t h e r  expressed o r  impl ied.  by t h e  Nat ional  
Aeronaut ics  and Space Admin i s t ra t i on .  
I n  t h e  pas t  
System Overview o f  the Telemetry-Radar A c q u i s i t i o n  
and Processing System and Miss ion Contro l  Centers 
F igures 1 and 2 present an overview o f  t h e  
WATR o f  t h e  NASA Ames Research Center. I n  Fig. 1, 
t h e  t h r e e  main s i t e s  o f  t h e  WATR are shown: Mof- 
f e t t  F i e l d ,  Crows Landing, and Dryden. F igu re  2 
d e p i c t s  some o f  t h e  many research a i r c r a f t  f lown 
ou t  o f  t h e  Dryden F l i g h t  Research F a c i l i t y  as w e l l  
as some o f  t h e  Dryden ground te lemet ry  f a c i l i t i e s .  
F i g u r e  3 i s  a s i m p l i f i e d  p i c t o r i a l  b lock diagram 
o f  t h e  va r ious  systems o f  t h e  WATR t h a t  res ide  
a t  t h e  Ames-Dryden F l i g h t  Research F a c i l i t y  a t  
Edwards, C a l i f o r n i a .  It shows t h e  f l o w  o f  data 
f rom t h e  research a i r c r a f t  down through t h e  
ground te lemetry ,  space p o s i t i o n i n g ,  and communi- 
c a t i o n  f a c i l i t i e s ,  then on t o  t h e  TRAPS and MCCs. 
F igu re  4 i s  a s i m p l i f i e d  block diagram o f  t h e  two 
systems p r e v i o u s l y  mentioned: 
MCCs. As a l ready  stated, t h e  TRAPS a t  present  
handles not  o n l y  the  a c q u i s i t i o n  and process ing 
f u n c t i o n  on a l l  t h e  te lemetry  pu lse code modula- 
t i o n  (PCM) and radar  data, b u t  t h e  d i s p l a y  proc- 
ess ing  f u n c t i o n  f o r  the MCCs as we l l .  As shown 
i n  Fig. 4, t h e r e  are a c t u a l l y  t h r e e  TRAPS (des i y -  
nated nos. 1, 2, and 3) and two MCCs (designated 
t h e  b l u e  and go ld  mission c o n t r o l  centers  a f t e r  
t h e i r  i n d i v i d u a l  room c o l o r s ) .  It i s  a con t inu -  
i n g  r e s o l u t i o n  w i t h i n  t h e  WATR t o  evolve t h e  t h r e e  
TRAPS and t h e  two MCCs as i d e n t i c a l  systems. It 
has been resolved also t h a t  any one o f  t he  t h r e e  
TRAPS be ab le  t o  d r i v e  o r  supply data t o  e i t h e r  
o f  t h e  two MCCs. To date, t h e  WATR has been 
f u n c t i o n a l l y  successful i n  bo th  these areas. 
t h e  TRAPS and t h e  
The M iss ion  Control Center D isp lay  
Processor Requirements 
To begin a d iscuss ion o f  requirements f o r  an 
MCC d i s p l a y  processor, we f i r s t  need t o  cover t h e  
va r ious  types o f  data and k inds  o f  data d i sp lays  
used o r  foreseen i n  the MCCs. 
A t  present  each MCC (both the  go ld  and b lue  
rooms) has associated w i t h  it e i g h t  engineer ing 
consoles o f  t h r e e  19-in. racks each, a WATR range 
o f f i c e r  console, a bank o f  v ideo moni tors  across 
one c e i l i n g  edge, and two large-screen h igh-  
r e s o l u t i o n  moni tors  (6  f t  d iagona l l y ) .  Some of 
t h e  consoles a re  being rep laced w i t h  t a l l e r  ones 
t h e  second o r  t h i r d  quar ter  o f  1988 t o  a l l o w  t h e  
a d d i t i o n  of t h e  PC/AT d i s p l a y  processors i n t o  t h e  
MCCs. F igures 5 and 6 show the  b l u e  and go ld  
rooms as they appear today. F igu re  7 i s  a bas i c  
MCC f l o o r  p lan  dep ic t i ng  the  l a y o u t  o f  both t h e  
b l u e  and go ld  rooms. The e i g h t  engineer ing con- 
so les  a re  t h e  main i n t e r e s t  i n  regards t o  t h e  PC/ 
AT d i s p l a y  processor. F igu re  8 shows a present-  
day engineer ing console. F igure 9 d e p i c t s  an 
eng ineer ing  console of perhaps 2 years from now. 
The areas marked I R I S  ( i n t e r a c t i v e  r a s t e r  imag- 
i n g  system; I R I S  3030 and 4D/70GT are trademarks 
o f  S i  1 i c o n  Graphics Incorporated)  are 2-D/3-D 
graphics super-workstat ions f o r  graphics work 
t h a t  t h e  PC/ATs a re  n o t  capable of. 
w i t h  e i g h t  channels each i n  each MCC. T y p i c a l l y  
t h e r e  a re  two s t r i p  char ts  i n  each engineer ing 
console, two o f  t h e  consoles having no s t r i p  
c h a r t s  i n  them. A t  t h i s  t ime  t h e r e  i s  on l y  one 
There a re  twe lve  analog s t r i p  c h a r t  recorders 
cathode ray  tube (CRT) d i s p l a y  (red-blue-green 
m o n i t o r )  i n  each console. As Fig. 9 shows, how- 
ever, a second and perhaps a t h i r d  mon i to r  i s  
planned t o  suppor t  t h e  PC/AT d i s p l a y  processor(s) .  
The present  s i n g l e  mon i to r  can d i s p l a y  any one of 
up t o  e i g h t  d i f f e r e n t  remote ly  generated d i s p l a y  
screens, depending on a v ideo sw i t ch ing  network 
remote ly  c o n t r o l l e d  a t  each console. The e i g h t  
d i f f e r e n t  d i s p l a y  screens a re  as f o l l o w s :  
1. R I M  ( r e a l - t i m e  i n t e r a c t i v e  map). Disp lays 
t e r r a i n  and r e l a t e d  radar  and PCM data. This d i s -  
p l a y  i s  s e t  up and c o n t r o l l e d  i n t e r a c t i v e l y  a t  t h e  
eng ineer ing  console v i a  a keyboard and mouse com- 
b i n a t i o n .  The l a r g e  screen mon i to rs  a re  t y p i c a l l y  
used t o  d i s p l a y  R I M  f o r  research a i r c r a f t  and 
chase a i r c r a f t  t r a c k i n g  purposes. This  program 
a t  present  runs i n  a l o c a l  MCC processor. 
2. S P I N  ( s p i n  d i sp lay ) .  Th i s  i s  a spec ia l  
s p i n  d i s p l a y  used by t h e  F-18 research yroup. 
i s  an e x c e l l e n t  example o f  what i s  p o s s i b l e  by 
moving t h e  d i s p l a y  process ing f u n c t i o n  i n t o  t h e  
MCCs and a l l o w i n g  an MCC l o c a l  processor t o  handle 
t h e  d i sp lay .  This  a l l ows  new and d i f f e r e n t  d i s -  
p l a y s  t o  be p rog ramed  and p u t  i n t o  se rv i ce  i n  a 
s h o r t  time. The s p i n  d i s p l a y  was c rea ted  i n  a few 
days and i n s t a l l e d  w i thou t  t h e  need f o r  a complete 
TRAPS checkout and v e r i f i c a t i o n  and v a l i d a t i o n .  
3. R I G  ( r e a l - t i m e  i n t e r a c t i v e  graphics) .  
Th i s  i s  a mul t ipurpose graphics d i s p l a y  proyram 
t h a t  runs on t h e  superminis o f  t he  TRAPS. It 
d r i v e s  a graphics processor i n  t h e  MCCs. 
program i s  t a r y e t e d  t o  be removed ou t  o f  t h e  TRAPS 
and i n t o  a d i s p l a y  processor i n  t h e  MCCs by May 
1988. The program scheduled t o  rep lace i t  i s  
d i s p l a y  number 4 (MAGIC). 
4. MAGIC (master graphics i n t e r a c t i v e  con- 
so le ) .  Th is  program runs i n  a l o c a l  MCC proc- 
essor. It prov ides a l l  o f  t h e  same funct;ons 
t h a t  R I G  has and i s  e a s i l y  expanded t o  i n c l u d e  
a d d i t i o n a l  f unc t i ons .  A t  present, t h e  WATR has 
one console runn ing  MAGIC. 
be used t o  rep lace  R I G  by May 1988. 
5. ANCHT, page 1 o f  2 (an alphanumeric CRT 
d i s p l a y ) .  Th is  program a t  present  runs on t h e  
TRAPS and i s  a prime candidate t o  r u n  on t h e  PC/ 
ATs i n  t h e  m iss ion  c o n t r o l  centers. A v a r i e t y  
o f  page formats i s  poss ib le ,  i n c l u d i n g  f i x e d  and 
s c r o l l e d  quar te r ,  h a l f -  and f u l l - p a g e  d i sp lays .  
i n  f u n c t i o n  t o  paye 1). 
7. Color  panel number 1 o f  2. This pro-  
gram runs on t h e  TRAPS and uses t h e  same t y p e  
o f  graphics processor as R I G .  
graphics w i t h  a cha rac te r  r e s o l u t i o n  of 80 by 
40, a v a r i e t y  o f  d i s p l a y s  can be implemented 
w i t h  a l i t t l e  imaginat ion.  
f u n c t i o n  t o  c o l o r  panel number 1. 
MCCs, number 3 (RIG) w i l l  be removed. The R I M ,  
SPIN, and M A G I C  d i s p l a y s  W i l l  r un  on t h e  I R I S  
g raph ics  super-workstat ions planned f o r  each engi -  
nee r ing  console. 
It 
Th is  
A second console w i l l  
6. ANCKT, paye 2 o f  2 (second paye i d e n t i c a l  
Using cha rac te r  
8. Co lo r  panel number 2 o f  2. I d e n t i c a l  i n  
Of these e i g h t  d i s p l a y s  now used i n  t h e  WATR 
The f u n c t i o n  o f  t h e  ANCRTs and 
. 
. 
2 
c o l o r  panels w i l l  be rep laced by a s i n g l e  program 
c a l l e d  "color-alphanumeric panel"  (CAP) t h a t  w i l l  
r u n  on t h e  PC/ATs i n  each console. 
shows a v a r i e t y  o f  d i s p l a y s  now p o s s i b l e  i n  
t h e  MCCs. 
The da ta  t h a t  i s  r e q u i r e d  by t h e  MCC d i s p l a y  
dev ices can be ca tegor i zed  i n  terms o f  parameter 
update r a t e s  requ i red  f o r  each t ype  o f  d i s p l a y ;  i n  
t u r n ,  an understanding o f  these r a t e s  can he lp  us 
t o  i n t e g r a t e  t h e  new PC/AT d i s p l a y  processors i n t o  
t h e  MCCs. A t  present, t h e r e  a re  on ly  two d i f f e r -  
e n t  types o f  d i s p l a y s  i n  t h e  MCCs - t h e  s t r i p  
c h a r t s  and t h e  CRT d i s p l a y  screens. 
c h a r t s  can r e q u i r e  a data r a t e  o f  up t o  t h e  sample 
r a t e  o f  t h e  PCM system on-board t h e  a i r c r a f t .  
t h i s  t ime  t h e  analog s t r i p  c h a r t s  are o n l y  good up 
t o  f requencies o f  50 t o  100 Hz, depending upon how 
much mechanical f i l t e r i n g  o f  t h e  data can be t o l -  
e r a t e d  by t h e  engineer v iewing i t  i n  r e a l  time. 
The WATR i s  c u r r e n t l y  i n  t h e  procurement s tage o f  
r e p l a c i n g  these analog s t r i p  c h a r t s  w i t h  d i g i t a l  
i n p u t  s t r i p  cha r t s  t h a t  can be used w i t h  data f r e -  
quencies o f  beyond 1000 Hz, o r  as g rea t  as t h e  
sampling r a t e  o f  t h e  PCM systems used t o  date. 
The CRT screens a r e  used t o  d i s p l a y  a v a r i e t y  o f  
da ta  t o  t h e  engineers i n  r e a l  t ime, from s o l i d  
s t r u c t u r e s  i n  motion, c h a r t s  and graphs, t o  simple 
alphanumerics and d i sc re tes .  Because t h i s  data i s  
be ing  viewed and i n t e r p r e t e d  by human beings, t h e  
r e q u i r e d  screen update r a t e  i s  genera l l y  somewhere 
between one t o  t e n  t imes a second ( u s u a l l y  one t o  
two). There i s  a t h i r d  da ta  t y p e  t o  be considered 
a lso:  ensemble data f o r  d i g i t a l  s i g n a l  processing 
(DSP) work. The requirement i s  n o t  necessa r i l y  a 
raw data r a t e  requirement. The p e r i o d i c i t y  o f  the 
da ta  i s  o f  prime concern here. With t h e  d i f f e r e n t  
d a t a  sampling p o i n t s  w i t h i n  t h e  e n t i r e  te lemet ry  
system ( t h e  TRAPS as w e l l  as t h e  a i r c r a f t )  be ing 
h i s t o r i c a l l y  asynchronous, data t o  be analyzed 
u s i n g  t h e  more common DSP methods must be assem- 
b l e d  c a r e f u l l y  and passed as b locks  o f  da ta  t o  the 
computer do ing  t h e  work. A t  present, t h i s  k i n d  of 
work i s  done by app ly ing  t h e  PCM data t o  a d i g i t a l  
t o  analog conver te r  (DAC), f i l t e r i n g  it, and then 
resampling w i t h  an analog t o  d i g i t a l  conve r te r  
(ADC) a t  a DSP works ta t i on  remote f rom t h e  mission 
c o n t r o l  cen te rs  (a r a t h e r  cumbersome method). It 
i s  in tended t h a t  t h i s  t ype  o f  a n a l y s i s  be moved 
i n t o  t h e  MCCs and handled i n  an e n t i r e l y  d i g i t a l  
manner on a PC/AT d i s p l a y  processor. 
da ta  d i s p l a y  hardware requirements o f  t h e  MCCs, 
t h e  PC/AT d i s p l a y  processors, as w e l l  as t h e  other 
new d i s p l a y  processors ( t h a t  i s ,  t h e  I R I S  graphics 
super-workstat ions) ,  w i l l  have t o  be i n t e g r a t e d  
i n t o  t h e  TRAPS-MCC system w i t h  severa l  d i f f e r e n t  
i n t e r f a c e s .  
d e t a i l ,  a long w i t h  two others, i n  t h e  s e c t i o n  
e n t i t l e d  The Data In te r face .  
As a l ready  discussed, t h e  WATR i s  removing the 
d i s p l a y  process ing f u n c t i o n  f rom t h e  TRAPS and 
p l a c i n g  i t  i n  t h e  hands of t h e  engineer ing team f n  
t h e  MCCs. A t  t h i s  p o i n t  t h e  two processors chosen 
by t h e  WATR t o  handle t h i s  f u n c t i o n  a re  t h e  M I S S  
and t h e  PC/ATs. The IRISs a re  a l ready hand l i ny  
t h e  RIM, SPIN, and MAGIC d isp lays.  The PC/ATS 
i n i t i a l l y  w i l l  be requ i red  t o  handle a program 
c a l l e d  CAP ( c o l o r  alphanumeric panel w i  11 be 
discussed i n  t h e  s e c t i o n  t i t l e d  DSPlay and CAP: 
F igu re  10 
The s t r i p  
A t  
To handle a l l  t h e  d i f f e r e n t  types o f  data and 
One o f  these i s  presented i n  some 
Specia l  A p p l i c a t i o n  Software) t h a t  w i l l  f u n c t i o n -  
a l l y  rep lace  t h e  present  ANCRT ( 1  and 2)  and c o l o r  
panel ( 1  and 2) d i sp lays .  With each of t h e  e i g h t  
eng inee r ing  consoles hav ing both an I R I S  and a t  
l e a s t  one PC/AT c l a s s  machine, t h e  number and t y p e  
of graphic-CRT d i s p l a y s  p o s s i b l e  i s  un l im i ted .  
Whether they  a r e  purchased o f f  t h e  shelve, as sev- 
e r a l  DSP d i s p l a y  programs can be, o r  w r i t t e n  i n -  
house i n  BASIC, FORTRAN, C, o r  Assembly, t h e  d i s -  
p l a y  p o s s i b i l i t i e s  w i l l  g i v e  our  f l i g h t  research 
engineers t h e  f l e x i b i l i t y  requ i red  i n  today ' s  
s c i e n t i f i c  world. 
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This  s e c t i o n  con ta ins  both a l i s t i n g  and a 
d i scuss ion  o f  each p iece  o f  hardware t h e  WATR w i l l  
use i n  i t s  PC/AT compat ib le  implementation. There 
a r e  hundreds o f  d i f f e r e n t  hardware and so f tware  
i tems t h a t  can be i n t e g r a t e d  i n t o  an IBM PC/XT/AT 
compat ib le  PC. The i tems l i s t e d  here c o n s t i t u t e  
a base o r  foundat ion c o n f i g u r a t i o n  which can be 
expanded e a s i l y  t o  meet an engineer 's  p a r t i c u l a r  
a n a l y t i c a l  or d i s p l a y  needs. The WATR PC/AT com- 
p a t i b l e  i s  shown i n  a development rack i n  Fig. 11. 
gedized computer base u n i t ,  Texas Microsystems 
Inco rpo ra ted  (TMI), model number 2001A. Th is  u n i t  
con ta ins  e i g h t  pass i ve  AT s l o t s  and two pass i ve  XT 
s l o t s  a long w i t h  c o o l i n g  fans, keyboard connector, 
disk-mounting hardware, and a 200-W power supply. 
Rack s l i d e s  can be purchased as wel l .  
an 80287-10 (10 MHz) numeric co-processor chip. 
T M I  model numbers B286-1MEG and 80287-10. Th is  
c a r d  uses one AT s l o t  i n  t h e  base u n i t  and con- 
t a i n s  1 megabyte o f  memory. 
3. Dual f l o p p y  and dual hard AT compat- 
i b l e  d i s k  c o n t r o l l e r ,  Western D i g i t a l  model 
number WD1003WA2. 
Seagate ST251 h a l f - h e i g h t  40 megabyte hard 
d r i v e  w i t h  an average access t i m e  o f  40 msec, s e l f -  
park ing,  s i x  heads, 820 c y l i n d e r s ,  and a mean t ime  
between f a i l u r e  (MTBF) o f  20,000 hr. 
5. Panasonic model 455 h a l f - h e i g h t  360 k i l o -  
6. Panasonic model 475 h a l f - h e i g h t  1.2 
7. AT compat ib le  s t y l e  5060 keyboard. 
8. XT/AT compat ib le  EVERX M A G I C  1/0 ca rd  w i t h  
1. I B M  XT/AT compat ib le  rack  mountable rug- 
2. IBM PC/AT compat ib le  10 MHz CPU card w i t h  
4. 
b y t e  f l o p p y  d i s k  d r i ve .  
megabyte f l o p p y  d i s k  d r i ve .  
a p a r a l l e l  p o r t  (LPT1 o r  LPT2) and two RS-232C 
p o r t s  (COM1 and COM2). 
one o f  t h e  COM po r t s .  
ware d r i v e r s .  
10. 
32,000 cha rac te r  b u f f e r  and an IBM p r i n t e r  cable. 
11. PC/AT compatible, 12 MHz 32 -b i t  f l o a t i n g  
p o i n t  a r r a y  processor w i t h  an MS-FORTRAN 4.0 com- 
p a t i b l e  math l i b r a r y .  
9. I M S I  mouse systems optimouse. Connects t o  
It i s  supp l i ed  w i t h  s o f t -  
Epson FX-286e d o t  m a t r i x  p r i n t e r  w i t h  
S y s t o l i c  Systems model 
3 
number PC-100. 
c a r d  s l o t .  
b r a r y  i nc ludes  r e a l  vector operat ions,  complex 
v e c t o r  operat ions , real  and complex m a t r i x  opera- 
t i o n s ,  s i g n a l  processing operat ions,  and computer 
graphics operations. 
promises an easy t o  use, high-powered, general 
purpose computer a t  each eng ineer ing  console. 
I n s t a l l a t i o n  o f  both the hardware and sof tware o f  
t h i s  subsystem takes only 30 minutes and i s  i m e -  
d i a t e l y  usable v i a  FORTRAN. 
t h e  v ideo subsystem of t h e  WATR PC/AT. 
capable o f  suppor t i ng  any o f  t h e  many v ideo 
standards t h a t  might  be used by va r ious  a p p l i c a -  
t i o n  sof tware packages w r i t t e n  t o  run on an IBM 
PC/XT/AT compat ib le  machine. 
standards o f  i n t e r e s t  are t h e  monochrome d i s p l a y  
adapter  (MDA), c o l o r  graphics adapter  (CGA), and 
enhanced graphics adapter (EGA). 
w r i t t e n  f o r  one o f  these standards; so t h e  user  
must have t h e  r i g h t  adapter board and v ideo moni- 
t o r  f o r  t h e  software. The EVA/480 v ideo adapter 
and t h e  NEC mu l t i sync  moni tor  (NEC America, Inc., 
M e l v i l l e ,  New York) i s  one o f  severa l  combinations 
o f  PC c i r c u i t  boards and moni tors  t h a t  w i l l  sup- 
This  card p lugs i n t o  a s i n g l e  AT 
The PC-100 a p p l i c a t i o n  sof tware li- 
This hardware and sof tware 
The l a s t  t h r e e  items on t h e  l i s t  c o n s t i t u t e  
It i s  
The t h r e e  main v ideo 
Most so f tware  i s  
p o r t  a l l  t h r e e  (MDA, CGA, and EGA) and others. 
The sum o f  a l l  t h e  a t t r i b u t e s  o f  a l l  t h r e e  o f  
these v ideo adapters can be thought  o f  as a f o u r  
v ideo standard. It i s  t h e  i n t e n t  o f  t h e  WATR t o  
l o o k  a t  us ing  t h e  t e x t  mode graphics common t o  a 
t h r e e  standards and the TTL 64 c o l o r  s tandard of 
t h e  EGA i n  implementing t h e  c o l o r  alphanumeric 
panel (CAP) a p p l i c a t i o n  so f tware  t h a t  w i l l  be 
covered i n  t h e  sect ion DSPlay and CAP: 
A p p l i c a t i o n  Software. 
p layed a t  any one t i m e  i s  16 (numbers 0 through 
numbers 15). However, w i t h  EGA, any one of a 
p a l e t t e  o f  64 c o l o r s  t o  c o l o r  numbers 0 through 
15 can be assigned. The bas ic  16-co lor  p a l e t t e  
i s  made up f rom t h e  th ree  red, blue, and green 
(RBG) c o l o r  s i g n a l s  and an i n t e n s i t y  b i t  ( I ) .  
F i a u r e  12 shows t h e  r e l a t i o n s h i p  amonq these 
Special 
The s tandard number o f  c o l o r s  t h a t  can be d i  
t r a n s  i s  t o r / t  r a n s i  s t o r  l o g i c  (TTL) s i g n a l s  (on/of  f ) 
and t h e  c o l o r  t h a t  i s  produced. 
r e q u i r e d  (and a monitor t h a t  w i l l  accept and use 
them) t o  generate a p a l e t t e  o f  64 co lors .  The 64- 
c o l o r  p a l e t t e  i s  b u i l t  f rom t h e  t h r e e  bas i c  TTL 
c o l o r  s i g n a l s  red, blue, and green w i t h  t h e  addi -  
t i o n  o f  t h r e e  more; these a re  t h e  secondary red, 
blue, and green TTL s igna ls  as shown i n  Fig. 13. 
These s i g n a l s  a l l o w  four  d i f f e r e n t  i n t e n s i t y  l e v -  
e l s  f o r  each o f  t h e  three RBG c o l o r s  (00, 01, 10, 
and 11) f o r  a t o t a l  of 64 p o s s i b l e  co lo rs .  F i g -  
u r e  14 i s  a l i s t i n g  o f  a GWBASIC (M ic roso f t ,  MS- 
DOS, MS-FORTRAN, MS-C, GNBASIC, and MS-QuickBASIC 
a r e  trademarks o f  M ic roso f t  I nco rpo ra ted )  program 
t h a t  w i l l  d i s p l a y  a l l  64 c o l o r s  i n  stages. 
u s i n g  t h e  EVA/480 card ( o r  c i r c u i t  board) and t h e  
NEC mu l t i sync  monitor. The WATR i s  contemplat ing 
u s i n g  e i t h e r  t h e  co lo r  80 by 25 (2000 cha rac te rs )  
o r  t h e  c o l o r  80 by 43 (3440 cha rac te rs )  mode. 
F i g u r e  16 i s  a l i s t i n g  o f  a 6WBASIC program t h a t  
w i l l  d i s p l a y  a l l  poss ib le  IBM PC s tandard ASCII 
characters ,  w i t h  a l l  poss ib le  a t t r i b u t e s  on t h e  
screen. It f i r s t  asks i f  the  b l i n k i n g  a t t r i b u t e  
i s  t o  be demonstrated ( i t  may i r r i t a t e  t h e  eyes), 
and then  asks f o r  the t e x t  screen mode f o r  t h e  PC. 
More s i g n a l s  a re  
F igu re  15 shows the v a l i d  t e x t  screen modes 
We now need t o  d iscuss screen memory, characters ,  
and the1 r a t t r i b u t e s .  
W r i t i n g  A S C I I  cha rac te rs  (alphanumeric o r  
g raph ic )  i s  a s imple ma t te r  o f  w r i t i n g  A S C I I  code 
t o  t h e  PC memory. 
t h e  t e x t  mode memory map. 
an "A" i n  t h e  l ower  r i gh t -hand  co rne r  o f  t h e  
screen i n  80 by 25 c o l o r  t e x t  mode, w r i t e  &H41 
(hex) o r  65 (dec imal )  t o  l o c a t i o n  B800:OFgE 
(segment:offset).  
t h e  c o l o r  of t h i s  character ,  i t s  background co lo r ,  
and if i t  i s  t o  b l i n k  o r  n o t  ( i t s  a t t r i b u t e s ) ,  one 
would w r i t e  an a t t r i b u t e  b y t e  (based on Fig. 18) 
t o  l o c a t i o n  B8OO:OFgF. B u i l d i n g  graphics d i s p l a y s  
i n  t h i s  manner i s  r e f e r r e d  t o  as t e x t  mode 
graphics and can generate meaningful d i s p l a y s  i n  
a s t r a i g h t f o r w a r d  manner. 
12. NEC m u l t i s y n c  mon i to r  w i t h  cable, NEC 
model number JC-1401P3A. Th is  TTL RGB c o l o r  moni- 
t o r  i s  capable o f  synch ron iz ing  t o  a l l  t h e  IBM 
PC/XT/AT v ideo standards. The most impor tan t  o f  
these are MDA, CGA, EGA, and enhanced EGA. A mon- 
i t o r  o f  t h i s  c a p a b i l i t y  i s  necessary t o  ensure 
hardware c o m p a t i b i l i t y  t o  a l l  t h e  va r ious  a p p l i -  
c a t i o n  sof tware packages a v a i l a b l e  on t h e  market. 
13. Tseng Labs EVA/480 v ideo board w i t h  C M I I  
opt ion.  
CGA, EGA, and enhanced EGA v ideo standards and 
supp l i es  TTL RGB v ideo t o  t h e  monitor. 
cable. MDA, CGA, EGA, and enhanced EGA compat- 
i b l e .  C O V I O  model 460 w i t h  op t i ons  1 and 2. 
F i g u r e  17 i s  a rep resen ta t i on  of 
For  example, t o  w r i t e  
Again, as an example, t o  se t  
This  board i s  compat ib le  w i t h  t h e  MDA, 
14. TTL RGB t o  analog RGB conver te r  w i t h  EGA 
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s o f t  Corporation, Bel levue, Washington, a re  l i s t e d  
i n  t h i s  sect ion.  The BASIC programs l i s t e d  i n  t h e  
l a s t  s e c t i o n  were w r i t t e n  i n  GWBASIC. These pack- 
ages s e t  t h e  standards f o r  t h e  I B M  PC/XT/AT com- 
p a t i b l e  machines on t h e  market today. Both t h e  
MS-FORTRAN and t h e  MS-C compi lers  a re  t e s t e d  engi -  
nee r ing  languages. The WATR a l s o  i n tends  t o  re-  
view t h e  QuickBASIC compiler, w i t h  i t s  a l ready  
e s t a b l i s h e d  graphics commands and i t s  l i n k  t o  
subrout ines i n  Assembly, as t h e  language t h a t  
CAP (covered i n  t h e  nex t  s e c t i o n )  be w r i t t e n  
i n .  
( 1 )  MS-DOS 3.21 w i t h  GWBASIC; ( 2 )  MS-FORTRAN 
4.0 compi ler ;  ( 3 )  MS-C 5.0 compi ler ;  (4 )  
MS-QuickBASIC compiler. 
Four sof tware packages a v a i l a b l e  f rom Micro-  
The f o u r  so f tware  packages a r e  as fo l lows:  
DSPlay and CAP: Specia l  A p p l i c a t i o n  Software 
I n  t h i s  sect ion,  two a p p l i c a t i o n  sof tware 
packages t h a t  w i l l  be i n i t i a l l y  used on t h e  WATR 
PC/AT MCC d i s p l a y  processor a re  covered b r i e f l y .  
The f i r s t  i s  t h e  DSPlay (DSPlay i s  a trademark o f  
t h e  Burr-Brown Corporat ion)  software. It i s  a 
d i g i t a l  s i g n a l  process ing (DSP) package a v a i l a b l e  
f rom t h e  Burr-Brown Corporat ion,  Tucson, Arizona. 
The second package, c a l l e d  c o l o r  alphanumeric 
panel (CAP), i s  be ing w r i t t e n  in-house a t  t h e  
Ames/Dryden F a c i l i t y  a t  t h e  t i m e  of t h i s  w r i t i n g .  
The DSPlay sof tware implements DSP a lgor i thms 
i n  FlowGrams and SubGrams through f l ow-char t  t y p e  
. 
4 
p r o g r a m i n g .  Flowgrams and Subgrams correspond, 
r e s p e c t i v e l y ,  t o  main programs and subrout ines i n  
more convent ional  programming terms. F igures 19, 
20, and 21 show a Flowgram and i t s  corresponding 
parameter l i s t i n g ,  along w i t h  a t y p i c a l  d i s p l a y  
generated by DSPlay. 
diagram which d e t a i l s  t h e  f l o w  o f  s i g n a l s  through 
a DSP process. 
screen, t h e  engineer chooses from a s e l e c t i o n  o f  
f u n c t i o n s  and places these func t i ons ,  v i a  e d i t i n g  
commands, i n t o  t h e  i n d i v i d u a l  blocks. While edi- 
t i n g ,  t h e  user determines t h e  parameters o f  each 
f u n c t i o n  b lock,  and draws t h e  r e q u i r e d  i n t e r c o n -  
n e c t i n g  l i n e s .  By p l a c i n g  t h e  cu rso r  over  any 
i n d i v i d u a l  block, w h i l e  i n  t h e  b lock mode, and 
p ress ing  ENTER t h e  engineer can view, p r i n t ,  and 
e d i t  t h e  parameters f o r  t h a t  block, p ress ing  ESC 
when f i n i s h e d  v iewing and e d i t i n g .  This  a l s o  
works f o r  viewing, p r i n t i n g ,  and e d i t i n g  t h e  
parameters unique t o  t h e  e n t i r e  Flowgram w h i l e  
i n  t h e  Flowgram mode. Each b lock represents  a 
s i g n a l  process ing func t i on ,  and t h e  l i n e s  i n d i c a t e  
t h e  f l o w  o f  t h e  s igna l .  A Flowgram can have up t o  
30 b locks i n  i t ; however, an i n d i v i d u a l  b lock  can 
represent  a SubGram, which i n  turn can have up t o  
30 f u n c t i o n  blocks. DSPlay takes data i n  a simple 
format  o f  f l o a t i n g  p o i n t  numbers. 
see t h e  uses DSPlay cou ld  have i n  t h e  WATR mission 
c o n t r o l  cen te r  i n  a rea l - t ime  environment. 
rep lace  t h e  ANCRT 1 and 2 d i s p l a y s  and t h e  c o l o r  
panel 1 and 2 d i s p l a y s  by running a sof tware pack- 
age c a l l e d  CAP. With a PC/AT i n  each engineer ing 
console capable o f  running CAP when requi red,  and 
t h e  I R I S  graphics machines running m u l t i p l e  copies 
o f  RIM, SPIN, and MAGIC as requi red,  t h e  complete 
present-day d i s p l a y  processing f u n c t i o n  r e q u i r e -  
ment w i  11 have been removed from t h e  TRAPS and put 
i n t o  t h e  MCCs. A t  t h i s  p o i n t  t h e  IRISs and PC/ATs 
can t a k e  on new tasks  (such as DSPlay and general 
purpose FORTRAN programs). 
CAP w i l l  be a b l e  t o  handle i t s  j o b  by running 
i n  t h e  t e x t  c o l o r  graphics mode descr ibed e a r l i e r .  
Both t h e  ANCRT and c o l o r  panel programs run i n  a 
s i m i l a r  mode. CAP w i l l  have t o  download setup 
i n f o r m a t i o n  from t h e  TRAPS and b u i l d  i t s  d isp lays 
based on an 80 column by 40 row charac te r  m a t r i x  
(us ing  e i t h e r  alphanumeric o r  graphics characters 
w i t h  c o l o r  a t t r i b u t e s ) .  
f i x e d  o r  s c r o l l i n g  alphanumerics, bar  graphs, and 
s t a t u s  panels. F igu re  22 i s  a sketch o f  such a 
m a t r i x  (40 by 25). Examples o f  alphanumeric data 
and c o l o r  panel t y p e  graphics i n  quarter-page fo r -  
mats are shown. Assuming CAP w i l l  a l l o w  up t o  
e i g h t  f u l l  pages (80 by 40) o f  d i s p l a y  ( s e l e c t -  
a b l e  one a t  a t ime  by, perhaps, a screen menu and 
a mouse), and f u l l - ,  h a l f - ,  and quarter-page f o r -  
mats, e i t h e r  f i x e d  o r  s c r o l l i n g ,  then one PC/AT 
runn ing  CAP would have t w i c e  t h e  d i s p l a y  capabi l -  
i t y  as a l l  f o u r  present-day d i s p l a y  screens. 
The Flowgram i s  a b lock 
To assemble a Flowgram on t h e  
d 
It i s  easy t o  
The f i r s t  j o b  o f  t h e  WATR PC/ATs w i l l  be t o  
These d i s p l a y s  can be 
The Data I n t e r f a c e  
As mentioned e a r l i e r ,  i n t e g r a t i n g  t h e  two cho- 
sen MCC d i s p l a y  processors w i l l  r e q u i r e  t h e  f a b r i -  
c a t i o n  o f  severa l  spec ia l  data i n t e r f a c e s  as well  
as making sure they are each equipped w i t h  stand- 
a r d  computer t o  computer communication hardware 
and software. The WATH PC/AT w i l l  be equlpped 
w i t h  RS-232C p o r t s  over which setup i n f o r m a t i o n  
and t h e  l i k e  can be t r a n s m i t t e d  between i t  and 
t h e  WATR TRAPS super-minis. It i s  planned as w e l l  
t o  equip t h e  WATR PC/AT w i t h  a standard Ethernet  
i n t e r f a c e  u s i n g  t h e  Transmission Contro l  P ro toco l /  
I n t e r n e t  Protocol  (TCP/IP) and F i l e  Transfer  Pro- 
t o c o l  (FTP) standards. The spec ia l  data i n t e r -  
faces r e q u i r e d  f o r  t h i s  i n t e g r a t i o n  task  a r e  
another  matter. The WATR has chosen t o  design 
and b u i l d  these i n t e r f a c e s  in-house a t  t h e  Ames- 
Dryden F a c i l i t y .  T h e i r  concept ional  design i s  
such t h a t  a f t e r  t h e  f i r s t  two designs a re  imple-  
mented, t h e  system can be operat ional .  As each 
new design i s  completed and i n s t a l l e d ,  t h e  sys- 
tem i s  enhanced and t h e r e f o r e  w i l l  evo lve w i t h  
t ime. I n  t h i s  way, t h e  WATR w i l l  no t  be over- 
burdened w i t h  a dozen designs a l l  a t  once with 
t h e  imposs ib le  t a s k  o f  making sure they a l l  
p l a y  simultaneously. 
Two of them form t h e  data l i n k  between t h e  TRAPS 
and t h e  WATR PC/AT. 
looked a t  as a s i n g l e  design. 
p a r t s  w i l l  be used i n  o t h e r  areas as w e l l  and 
d o n ' t  n e c e s s a r i l y  have t o  go together .  
i s  a shared memory scheme between two WATR PC/ATs. 
The f i r s t  two i n t e r f a c e s  t o  be designed a r e  
t h e  memory mapped output  board (MOB) and t h e  PC/A 
2-por t  RAM (Fig. 23). The MOB i s  b a s i c a l l y  a par  
a l l e l  t o  s e r i a l  conve r te r  and t r a n s m i t t e r  t h a t  
res ides on t h e  Gould SEL-bus of t h e  TRAPS (Gould 
Computer Systems D i v i s i o n ,  F o r t  Lauderdale, F l o r -  
i da ) .  The MOB takes p a r a l l e l  data o f f  t h e  SEL- 
bus; i t  i s  then  s imul taneously  w r i t t e n  t o  t h e  
computer's memory. A FIFO ( f i r s t  i n  - f i r s t  o u t )  
i s  used t o  b u f f e r  t h i s  data w h i l e  t h e  convers ion 
t o  s e r i a l  t akes  p lace  and t h e  data stream, w i t h  
sync, i s  sent  out. Th is  stream i s  then  sen t  t o  a 
1 t o  12 s p l i t t e r  and t h e  12 i d e n t i c a l  streams are, 
o r  can be, f e d  t o  as many as 12 PC/AT 2-por t  RAMS. 
The 2-por t  RAMS then  sync up t o  t h e  stream, do a 
s e r i a l  t o  p a r a l l e l  convers ion on t h e  data, and 
w r i t e  i t  i n t o  memory v i a  t h e  e x t e r n a l  p o r t  on t h e  
PC/AT bus. This  l i n k  works i n  a broadcast mode, 
w i t h  data o n l y  f l o w i n g  one way. Any p r o t o c o l  
between t h e  TRAPS and t h e  PC/AT would have t o  be 
communicated v i a  an Ethernet  o r  RS-232C l i n k .  
Th is  l i n k  a l l o w s  data t o  be mere ly  w r i t t e n  into 
t h e  TRAPS memory t o  have i t  appear i n  t h e  PC/AT 
memory as we1 1. This  process i s  t o t a l l y  t r a n s -  
parent  t o  t h e  system so f tware  and t h e  engineer 
us ing  t h e  PC/AT. 
The t h i r d  spec ia l  i n t e r f a c e  i s  presented here 
i n  more d e t a i l .  F igu re  24, sheets 1 and 2, i s  a 
conceptual schematic o f  t h i s  i n t e r f a c e  and i n -  
c ludes a s h o r t  d i scuss ion  of i t s  operat ion.  Th is  
design i s  in tended t o  show a p o s s i b l e  way o f  com- 
municat ion between two WATR PC/ATs. With i t  t h e  
two PC/ATs ( o r  XTs) share a small  2 k i l o b y t e  area 
o f  memory. There i s  no i n t e r f e r e n c e  and no delay 
i n  communication. It can make t h e  two PC/ATs a 
two-processor machine w i t h  t h e  r i g h t  a t t e n t i o n  
shown t o  a p p l i c a t i o n  sof tware packages. 
There a r e  t h r e e  s p e c i a l  i n t e r f a c e  designs. 
Concept ional ly  t hey  can be 
However, t h e  two 
The t h i r d  
Summary: Fu tu re  M iss ion  Con t ro l  Centers 
It i s  impor tan t  t o  t h e  WATH development e f f o r t  
t h a t  we ma in ta in  as few d i f f e r e n t  p ieces o f  equip-  
ment as p o s s i b i e  i n  t h e  HCCs. This  i s  e s p e c i a l l y  
t r u e  when i t  comes t o  t h e  computers t o  be used as 
5 
d i s p l a y  processors. Each d i f f e r e n t  computer means 
a d i f f e r e n t  se t  o f  hardware and system so f tware  t o  
l e a r n ,  program, and maintain. The WATR had t o  
choose systems w i t h  a good promise o f  e v o l v i n g  
technology - f r o m  t h e  microprocessors used, t o  t h e  
system and bus a rch i tec tu res ,  up t o  t h e  newest i n  
system software, a l l  w i th  an eye t o  keeping as 
much downward and upward c o m p a t i b i l i t y  as pos- 
s i b l e .  Software i s  expensive t o  develop as w e l l  
as t o  mainta in ,  and genera l ly  a l l  i s  l o s t  when a 
new incompa t ib le  computer system i s  introduced. 
The IBM PC machine has grown f rom a r e l a t i v e l y  
s imp le  8 - b i t  personal computer w i t h  monochrome 
g raph ics  t o  a 32 -b i t  mu l t i - use r  computer ( t h a t  
i s ,  t h e  micro channel-based I B M  PS/2 Model 80) 
w i t h  h i g h  r e s o l u t i o n  c o l o r  graphics. Software 
developers o f f e r  t h e i r  a p p l i c a t i o n  sof tware pack- 
ages upgraded f o r  each new l e v e l  o f  machine, and 
t h e  programs t h a t  run on t h a t  f i r s t  PC a l s o  run  on 
t h e  l a t e s t ,  g iven ca re fu l  i n t e g r a t i o n .  For t h e  
WATR engineers, t h e  key was t o  choose systems each 
y e a r  t h a t  would be o f  a d i f f e r e n t  generat ion y e t  
m a i n t a i n  sof tware c o m p a t i b i l i t y ,  n o t  j u s t  new 
t o t a l l y  d i f f e r e n t  systems. 
systems t h a t  can handle t h e  MCC d i s p l a y  process- 
i n g  f u n c t i o n  f o r  t h e  next severa l  years. 
generat ions o f  t h e  I B M  PC compatible; and they 
should a l l  be capable o f  running t h e  l a t e s t  
The WATR chose two 
The f u t u r e  MCC should con ta in  t h r e e  o r  f o u r  
v e r s i o n  of CAP and DSPlay as w e l l  as h igh-  
performance sof tware on t h e  high-performance 
(and l a t e s t )  PC hardware. 
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TELEMETRY/RADAR ACQUISITION AND PROCESSING SYSTEM (NO. 1) 
TAS. TPS. RIDS 
PROCESSORS 
PERIPHERALS 
INCLUDING 
CONSOLE TERMINAl 
80 MBCARTRIDGE DlSKlSl 
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Fig. 6 Gold Foam, d 8 8 i a  catrot  cente~.  
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1 
9 
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Fig. 8 Engineering ~0nttOte. 
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STR I P-CHART 
NO. 2 
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Fig. 9 Sketch of future engineering caeate. 
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Fig. 10 Variety of data dieptaye in mi88ion controt oenter. 
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EC88-0006-00A 
Pig. 11 FC/A!P development at Western Asronau- 
t i d  Test Range. 
Di rec t  d r i v e  v ideo 
d i s p l a y  connector 
S ignal  name - d e s c r i p t i o n  P in  
Ground 
Secondary red  
Primary red 
Primary green 
Primary b lue 
Secondary g r e e n l i n t e n s i t y  
Secondary blue/mono video 
Hor izonta l  r e t r a c e  
V e r t i c a l  r e t r a c e  
8060 
Pig. 13 Video display adapter output con- 
nector for tranaistor/traneistor logic - 
4, gr0en, blue. 
IRGB* No. Color  
0000 0 Black 
0001 1 Blue 
0010 2 Green 
001 1 3 Cyan (blue-green) 
0100 4 Red 
0101 5 Magenta 
0110 6 Brown ( o r  dark y e l l o w )  
0111 7 L i g h t  grey ( o r  o rd ina ry  wh i te )  
1000 8 Dark grey (b lack  on many screens) 
1001 9 L i g h t  b l u e  
1010 10 L i g h t  green 
1011 11 L i g h t  cyan 
1100 12 L i g h t  red  
1101 13 L i g h t  magenta 
1110 14 Yellow ( o r  l i g h t  y e l l o w )  
1111 15 B r i g h t  wh i te  
*I = i n t e n s i t y ,  R = red, G = green, B = blue. 
8059 
Fig. 12 Basic 16-cotor plett0. 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
SCREEN 9 
A=O 
DELAY=O 
B=A+48 
c=o 
CLS 
x=o 
Y=0 
XAXIS=2 
YAXIS=lO 
FOH K=A TO B STEP 16 
PALETTE C.K 
Yt150) ,C,BF 
~~ 
130 LINE ( x , ~ j - ( x + i s o  
140 C=C+1 
150 X=X+160 
160 LOCATE YAXIS,  XAX 
170 XAXIS=XAXIS+ZU 
180 PRINT "COLOR # " K  
19U NEXT K 
r 
3 
200 DE LAY =DE LAYt1 
210 I F  DELHY<1000 GOT0 200 
220 A=A+1 
230 I F  A<16 GOT0 30 
240 PALETTE 
250 CLS 
26U END 
806 1 
Fig. 14 BASIC p g m  color test. 
I 
12 
V a l i d  s e l e c t i o n s  (assuming t h e  
a p p r o p r i a t e  d i s p l a y  adapters a r e  
i n s t a l l e d )  a r e  as f o l l o w s :  
* 4 0 x 2 5  c o l o r  t e x t  mode : C040 
* 8 0 x 2 5  c o l o r  t e x t  mode : C080 
* 8 0 x 2 5  mono t e x t  mode : MONO 
* 1 3 2 x 2 5  c o l o r  t e x t  mode : C 0 1 3 2 ~ 2 5  
1 3 2 x 2 8  c o l o r  t e x t  mode : C0132x28  
* 1 3 2 x 4 4  c o l o r  t e x t  mode : C0132x44  
* 8 0 x 4 3  c o l o r  t e x t  mode : C080x43  
* 8 0 x 4 3  mono t e x t  mode : M08Ox43 
* 8 0 x 6 0  c o l o r  t e x t  mode : C08Ux60 
* Mode 0,1,2,3,4,5,6,7,D,E,F,10s 
22,23,24,26 : t h e  corresponding 
mode number 
* Force a mon i to r  t h a t  supports bo th  
MONO and COLOR : GOMONO, GOCOLOR 
o r  run  EMODE w i th  no s e l e c t i o n  t o  ge t  
a s e l e c t i o n  menu. 
t 
** Mode 2 6  ( C 0 8 0 x 6 0 )  requ i res  an NEC 
Mu 1 t i  Sync moni t o r  
a062 
F i g .  15 Valid text  d e 8  ueing the 
EVA/480 and IEC mut tbync .  
C : 1 > DEBUG <E> 
-rdr <E> 
DSXXXX : 8800 
<E> 
-fOF9FXX <E> 
7 
ATTRIBUTE 
XITOQUIT <E> 
1U DEF SEC;=&HBtlOO 
2U INPUT "ENTER &HFF FUK B L I N k I N l i  OR &H7F FOK Nu 
3 0  INPUT "ENTER &HF9F FOR 8UX25, &HlADF FUR 
4 0  C=&HU 
50 D=&HO 
6 0  A=&HO 
70 FOR 8=A TO E STEP 2 
80 POKE B,U 
90 POKE (B+l ) ,C 
BL1NKING";I 
80X43,&HZU5F FOR 132X44";E 
100 c = c + 1  
110 D=D+l 
1 2 0  I F  C > I  THEN C=O 
1 3 0  I F  D>&HFF THEN 0=0 
1 4 0  NEXT B 
150 UEF SEG 
1 6 0  END 
8 0 6 3  
F i g .  16 BASIC p w g m  T e x t g r a f .  
EVEN ADDRESSES FOR ASCII ODD ADDRESSES FOR ATTRIBUTE 
TWO BYTES FOR EACH CHARACTER ON THE SCREEN 
00 
00 
OC7F 
3199 
ODlE 
3358 
OD1 F 
3359 
ODBE 
3518 
ODBF 
3519 
OE5E 
3678 
OE5F 
3679 
3999 
(800 X 25) X 2 
= 400010 BYTES 
8065 
1 s t  n ibb le  o f  a t t r i b u t e  byte i d e n t i -  
f i e s  1 o f  8 background c o l o r s  AND i f  
foreground i s  b l  i n k i n g  o r  not. 
Black 0 
Dark b lue  1 
Dark green 2 
L i g h t  blue ( l ow  i n t e n s i t y )  (cyan) 3 
Dark red 4 
(magenta) Uark pu rp le  5 
Dark brown 6 
Grey 7 
Same 8 background 
c o l o r  choices 
bu t  
foreground c o l o r  
b l i n k s  
~~ 
2nd n i b b l e  o f  a t t r i b u t e  b y t e  iden- 
t i f i e s  1 o f  16 foreground co lo rs .  
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 
B1 ack 
Uark b l u e  
Dark green 
L i g h t  b l u e  ( l ow  i n t e n s i t y )  (cyan) 
Dark red  
dark p u r p l e  (magenta) 
Dark brown 
Grey 
Dark grey 
B r i g h t  dark b l u e  
L i g h t  green 
B r i g h t  l i g h t  b l u e  ( l i g h t  cyan) 
L i g h t  red 
L i g h t  p u r p l e  ( l i g h t  magenta) 
L i g h t  y e l l o w  
B r i g h t  wh i te  
8064 
Fig. 18 C h m c t e r  a t t r i b u t e s .  
8066 
Fig. 19 DSPtay F h G r a m .  
Block Parameters: 
B lock Name: data.dat 
Func t i on  Type: get  F i l e  
f i l e  Name: data.dat 
o u t p u t  bu f fe r  l eng th :  
i n p u t  f i l e  o f f s e t :  
B lock Name: 5Uhzlp 
Func t i on  Type: Butterwo 
sample frequency: 
c u t o f f  frequency: 
cen te r  frequency: 
frequency bandwidth: 
l o  c u t o f f  frequency : 
h i  c u t o f f  frequency: 
pass band ga in  : 
pass band r i p p l e ( d B )  
s top  band at tenuat ian(dB) :  
number o f  po les ( t o  20): 
number o f  taps ( 3  t o  256): 
number o f  bands ( 1  t o  10): 
B lock Name: 200 hz 
Func t ion  Type: S in gen 
frequency ( h e r t z )  : 
ampl i tude ( v o l t s )  : 
phase s h i f t  (dey.): 
B lock Name: sum 
Funct ion Type: Add 
Block Name: no i se  
Funct ion Type: Random 
ampl i tude ( v o l t s  ) : 
Block Name: sum 
Funct ion Type: Add 
Block Name: window 
Funct ion Type: Hamming 
128 data type <R,C>: R 
U frame over lap:  U 
1000 
50 
0 
0 
0 
0 
1 
0 
0 
6 
0 
0 
200 
1 
0 
1 
Block Name: 128 p t s  
Func t i on  Type: FFT 
Block Name: 128 p t s  
Funct ion Type: Inv FFT 
b u f f e r  l e n g t h  [16,32,..2048] 128 
b u f f e r  l e n g t h  [16,32,..2048] 128 
8067 
15 
50 
PARMID X X X .  X X X  
PARMID X X X .  X X X  
PARMID X X X .  X X X  25 
PARMID X X X .  X X X  
PARMID X X X .  X X X  
PARMID X X X .  X X X  
I $ 1  rJ I 
- 100 - 
- - 
- EO - 
- - 
- 60 
40 
- - 
- - 
- - 
- 20 - 
- - 
x x x  . x x x  
1 
x x x .  x x x  
PLANE CODE TIME : X X : X X : X X : X X PAGEX/8 
8069 
F i g .  22 Sketch of a 40 by 25 character CAP ecreen. 
16 
, 
MEMORY MAPPED OUTPUT BOARD (MOB) 
~ 
SEL BUS 
LPFM EM 
INPUT REGISTER 
ADDRESS 
COMPARE 
L D T l l  21 
FIFO WRITE 
CONTROL 
FIFO WRITE REGISTER -- 
71-1-1 
1 &=I- GENERATION 
I 
--- 
v 
PA ITY 
GENERATION 
LOW 31 
CONTROL 
REGISTER 
NO. 12 += 
0 
0 
1 TO 12 
0 
PCIAT 2-PORT RAM - 1  N O . l  
I I 
UP TO 12 PCIAT'S IN EACH 
MISSION CONTROL CENTER 
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16. Abstract 
Since 1982, t h e  Western Aeronaut ica l  Test Range (WATK) o f  t h e  Ames- 
Dryden F1 i g h t  Research Faci  1 i t y  has been s e p a r a t i n g  t h e  da ta  a c q u i s i t i o n  
and process ing f u n c t i o n  r e q u i r e d  on a l l  t e l e m e t r y  p u l s e  code modu la t ion  
(PCM) da ta  and t h e  d i s p l a y  p rocess ing  f u n c t i o n  r e q u i r e d  i n  t h e  f l i g h t  r e -  
search miss ion  c o n t r o l  cen ters  (MCCs). These two f u n c t i o n s  h i s t o r i c a l l y  
have been done on t h e  same s e t  o f  superminicomputers remote f rom t h e  MCCs. 
Kemoviny t h e  d i s p l a y  p rocess ing  f u n c t i o n  f rom t h e  rea lm o f  t h e  supermin is  
o r  te lemet ry - radar  a c q u i s i t i o n  and process ing  system (TRAPS) and o u t  i n t o  
t h e  MCCs w i l l  a l l o w  t h e  research engineers t h e  f l e x i b i l i t y  t o  c o n f i g u r e  
t h e i r  own d i s p l a y  process ing  system t o  o p t i m i z e  performance d u r i n g  a 
f l i y h t  research miss ion.  Meanwhile, t h e  TRAPS w i l l  have more t i m e  t o  
a c q u i r e  data.  One o f  t h e  processors chosen t o  handle t h e  d i s p l a y  proc-  
ess ing  f u n c t i o n  i s  an IBM PC/AT compat ib le  rack-mounted personal  computer. 
Th is  c l a s s  and type machine w i l l  n o t  o n l y  a l l o w  t h e  t r a n s f e r  o f  t h e  d i s -  
p l a y  process ing f u n c t i o n  i n t o  t h e  MCCs, b u t  a l s o  a l l o w  t h e  research  e n y i -  
neers a persona l ized  s e t  o f  a n a l y t i c  and d i s p l a y  t o o l s  f o r  use on t h e i r  
own unique sets  o f  data.  
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